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CTS UNITED STATES EXPEHIMENTS - A PROGRESS REPORT 

\V, 1!, Robbinu nnU P, L. Danoui^ba 
Niiltoniil Aeronautics nnd Space Administration 
Lewis Resoarob Center 
Clovolmiu, Ohio >Mi;)S 

Abstriict praqticaltty of utlllzint; advanocd satoJlito taohnology for 


The Gomnuinloatlons Teolinology Satellite (CTS) is 
a lilgli power broadcast satolllto launclied by NASA on ' 
January 17, 1D7G. CTS is the first satellite to operate 
at a frequency of 12 glgahortr, nnd Ineorporntes new lech- 
nology malting possible new salsallilo telecommunications 
sorvicos. CTS Is a ceoporativo program of the United 
States and Canada, This paper presents t]ie results of 
the Unilod States experiments notivily to date. Wide 
segments of the population are I ntolved In the Experi- 
ments Program Including Urn scienllfic community, 
other govomment agencies, industry, and Uio education 
nnd hcnltb onllticE. The oxporlments aro associated 
AVith both toclmologlcnl objectives and the demonstration 
of new Gomnnmity and social scrvlcos via satoUlto. 

I, Introduction 

The need for communications services is IncroaBlng 
worldwide, Communioatlons satellites arc already play- 
ing a significant role In providing now and expanded tele- 
cominuni cations sorvicos. Because of the increased use 
of tbe current commercial satelltto frequonclos (<l tmd 
6 GHz) and the groat potential of expanded service \vitli 
small oar til tor nilnuls, satellite power levels and satel- 
lite frequencies must incccaso to meet tlio demmids. 

The trends in satellite system development, thei'efoce, 
have been clear - moving in the direction of higlier 
power, higlier fnequenclos, and increased lifetime. 

These trends provide exciting possibilities for more 
economical and expanded service world wide. 

bt a satolllto research and development sense, 
many acttvlties are undonvay and additional effort is 
required to explore higher frequency operation and to 
demonstrate advanced satellite systems for new applica- 
tions. 

NASA, for nearly two decades, lias pursued the 
development of udvimoed oommunloations satelUto sys- 
tems. Inllial efforts in the early 190 O’s culminated In 
the first successful demonstration of a synchronous 
satellite called SYNC OM, which created a new 
industry - the worldwide communications satellite In-r 
dustry. After SYNGOM^ NASA gradually diverted its 
activities from communications satellite progr.'ims 
Whiol) were lilglily scientifically oriented, to one of ap- 
plioatlons demonstrations, These applioatlons demon- 
strations, which are called experiments, manifested the 
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satisfying global needs. NASA' s Applioatlons Toohnology 
Program (ATS) was tlio itoy to lliis successful endeavor. 
Literally, hundreds of experiments iinve been performed 
on tlioso satoUItes, tlio most vlsIhU^mif: bucoess I ul ap- 
plications dewonstrations of llieac satclliles Iiave 'beeri , 
asBooI.'ited wIUi weallior, maritime, and noronantical ap- 
pllcalions. Partially as a result of those ox]r /Imonts, 
tveathor imd inarlUmc satellites aro already operational 
and eoinmeroial calcllitcs for aeronautloal applicuUons 
will bo available later in this decado. 

NASA's ATS-0 satolllto, tlio world's fli-st broad- 
cast satolllto, added a now :uid exciting d!n.cnslon to the 
experiments program. E'er the first Hme, television 
could be received by small low-eost ground terminals, 
ATS-G Is still active and lias sueoesstully demonstrated 
the distribution of socinl services (hcallli caro and cdii- 
eation) both In the United States^*^^ and India. 

Geostationary satollitca, because of tlic vast geo- 
graphic area they can view, are global In nature. There- 
fore, United States and NASA Policy has encouraged in- 
ternational cooperation in tlielr satollfte programs. The 
Communioations Technology Satellite (CTS) Program Is 
an outstanding example of tills cooperation. Both the 
United States and Canada have extensive and similar 
communioations needs and the social and economic de- 
velopment of belli countries is linked to teleoommiintca- 
lions. 

The purpose of tills paper Is to describe Uio United 
States needs for expanded Batellttc telecommunications 
services and the relationship of the CTS Experrments 
Program to those needs. Tile discussion is focused upon 
United States experiments, however, a parallol experi- 
ments program is being conducted in Canada. 

Perioillc meetings have been held, with CTS United , 
States experimenters. Some of tlie material contained 
herein was obtained from the experimenters during 
these meetings. Wliere possible a roferonco is cited. 

If. Technology Experiment s 

NASA has traditionally been tile lead U. S, govern- 
ment agency la civilian space communloaUons researcii 
and development. NASA s nlelUtes have always incor- 
porated, demonstrated, and evaluated new teolmology 
and GTS Is no exception. In this li^t NASA, for a - - 
mmibor of years, has been engaiged In the detailed 
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oharp.TjtorizaUoii 9f tlio iwlIo-Croquonoy spcolnlni. A 
largo pni'l of tilts activity is dircoloit toward Unilci] 
States nctivitlos related to wor&lwldo Ircquonoy iilloca- 
tions, CTS, since H operates In a now froquency bund 
(1‘1/12 Glia), provides a unique Opportunity lor tlie char- 
aclorlzntion ol that portion oC Iho spectrum. 

In addition to flic spectrum rolulod notlvlttos, CTS 
provides Iho system for the evaluation of now satellite 
and ground station toclmology. This ovnluulion is also 
underway. Traditionally, In the early stages of com- 
munications Butolllto programs, tlio tochnologidnl ox- • 
perlmont results leadllie npplioation experiments. Tills 
pattern is being followed in CTS. 

Link Olmi'actcrizntlon 

One of tlie primary objootlvos of the Communloa- 
tlons Link ClmructorlznUon Eximrlmcnt (CLCIJ) is to 
define Uio propagation phenomena at CTS frequencies 
(l«l/l2 ailE) that occur 'primarily during precipitation 
periods (rain or wet stiow) and result in attonuntion, 
depolarization and phase distortion of the Iruiis milted 
signal. 

The primary participants In the data collection and 
analysis are as follows; 


quonolos. Both ATS-G and Oh'S small oarili terminal 
evaluations liave involved Intemalional coopornlion. 

One facet of this activity lias concenlratod upon tlio 
dovclopmcnl of reliahte and low cost "tocolvo only" tele- 
vision torininals. Thu joint NASA Goddard Space Flight 
Cenlor/Jupan Broadcasting Company axporlmont ts an 
c.NumpIo of tills type of o.^portmonl. Tlie design and de- 
velopment of tlic rocoivors wf .. doae by Japan for use 
wiUi Uio experimental Japanese Broao'cast Sntotlilo 
(BSE). The ground receivers aro eurronUy under 
ovuUm'tion iviUi CTS, 'JVolvo rocoivors will ho deployed 
tiu'ougliout tlio United States and tlic porformiuiOc and 
I'Ollahllily of those rocoivors will he evaluated ovor a 
period of 1 year. The noise figure of the rocoivors is 
approximately •!, 1 - •‘1. i) deelbels. Antenna sizes aro 1, 
1. G, lUiU 2, >i meters. Extensive prooiiorallonal ciieok- 
ouls imvo indicated that the receivers are performing 
satisfactorily and will ho suitable for llio Japanese 
Broadcast SatelUto, 

In addition to the video receive terminals, NASA, In 
conjiuiclion wltli United States manufacturers, liave de- 
veloped a narrow hand receiver for audio and faeslmlle 
applicnlions. This receiver has been evaluated ivitli tiie 
satellite and performed satisfactorily in an cxpcrlincnt 
that was conducted in Alasita Uiat will he described later. 


(1) Goddard Space Fligiit Center - Greenbolt, 

Maryland 

(2) NASA Bosnian - Bosmmt, Nortli Cni'ollna 

(3) Ohio State University - Columbus, Ohio 

(4) Virginia Polyteclinie histitute - Blacksburg, 

Virginia 

(5) University of Texas - Austin, Texas 

The data gathering lias been underway since e.arly 
in 197 G. Preliminary results are shmvn in figure 1, 
wliero signal alienuation is plotted against raiu rate. 
Tlie data, were collected at the NASA Goddard Space 
Flight Center in Greenhelt, Maryland, Although the 
amount of data to date is small, the measured and 
predicted data are In general agreement. 

Additional aUenuntionTOeasurGments will be made 


Low-cost, wideband parametric amplifier develop- 
ment is also being pursued. The noise figure of these 
amplifiers will he approximately 150 K and demonstra- 
tions of the hai'dware wlUi CTS will be performed in 
1977. 


A Small Earth Terminal Station (SETS) is now onor- 
ationnl at Uie NASA Lewis Besearoh Center in ClevaiafMj, 
Ohio and is being utilized for a variety of ground station 
ev.iluhtions. Tills station has tlie capability of narrow 
band transmissions and reception of televisloa, voice 
and data in both tlie 29 watt and 200 watt GTS hands. A 


ptcttiro of the faclli^ is shown In figure 2. Antenna 
sizes range from O.C motor to 4. C meters in diameter. 
The facility is utilized for experiments and demonstra- 
tions to allinterested parties. 


throughout tlio United States utilizing tlie CTS beacon 
and 200 watt signals. These results will be used to up- 
grade tlie current prediction models. 


There is a worldwide interest in the use of satelitte 
' systems Avltli smail eartli terniinals (0, 6 to S in in diatti) 
for a rsmge of social and commercial Services. For a 
number of years NASA, in oonjunoti on iviUi the ATS-G 
and CTS satellites, lios pursued tlie development and 
evaluation of small earth terminals over a range of frer- 


Digital System Technology 

: Digital implementation of satellite links when eqm?' 
pared to the analog transmission systems now in use, 
can offer substantial savings in both satellite power and 
radio-frequency bandwldtli. ^®^ Power and bandwidth 
sayings, of epursp; ivill result in lower distribution 
costs. ' 

NASA Lewis Hesearch Center and COMSAT labp.- 
ratoiMes have under development a digital communica- 
tions system which wU he capable of Color television, 
voice, and data transmissions. Tills system ivill ho 
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demonstrated wlUi tne t rs aulelllte. As a part of this 
c.xporlmonti the poiTovmanco of the link will bo cliarae- 
tOFized. The jjractloaUty of roduning bnndwldtli and 
sateUlle power rcflulremonts for video, voice, and data 
dtstribuUon wilt be parsaed. A variety of bandwidth 
compression equipment will bo utilized as part of the 
ospcrimont. The digital modenT which will be utilized is 
capable of selected HIT rates from 1 to GO megabits per 
scoond, A block diagram of the system Is sliown In flg- 
uro 3, One set of terminal equipment will be located at 
the NASA lajwls Research Center in Cleveland, Ohio 
and Ute other at COMSAT laiboratorlos in Clarksburg, . 
Maryland, The ground terminal equipment ^vill bo son- 
figured such tiiat it Is easily portable mid, therefore, 
can bo made available to other intarested e>q5orImonls. 

HIrIi Power Satolllto Communications System 

The CTS satoUlle (fig. <1) was designed mid Inte- 
grated by the Communications Research Centro tn 
Cnnadn. The overall performance of tlio satcllllo has 
boon excollont,^^*^) The satellite transponder has two 
basic elements - a 200 wall system and a 20 watt sys- 
tem. The 200 watt and 20 watt systems can bo operated 
oitlior Individually or Blmultanoously by means of sepa- 
rate mitennna on die spaoeOraft. A footprint of either 
beam covers approximately one-Uilrd of the <18 contig- 
uous states III tile United Slates^^^^ (fig 5), 

NASA Loivlj llesearoli Center developed and pro- 
vided the high efflolenoy 200 watt Traveling Wave Tube 
Amplifier, its power supply and thermal control device 
which consisted of a variable conduclunce heat pipe sys- 
tem. This development has heon truly revolutionary 
from a space communications viewpoint in that it per- 
mits very hlgii radiated fJower levels over large areas. 
Tills, ill turn, makes possible televlsipn reception with 
small low-cost ground terminals. An extensive Inves- 
tigation has been conducted on the high power transmit- 
ter package mid Its Integration with the rest of tlic 
transponder since launch. A Summary of the oa-orblt 
performonoo is shown In table I. All transponder opor- 
ating modes were thorougiily investigated including; 

(1) Single cljannol video (In both 200 and 20 W bands) 

(2) Dual channel video (2 TV cliaiinela ia the 200 W 

band) 

(3) Dual band video (simultaneous operation of 2 TV 

ohamiQls - one In each bond) 

The performance of the system has been exoeilent, All 
Hpeoiti cation requirements have been met and Intermod- 
ulatioii and oross-modulatlon problems have been mini- 
mal. Oyer 2500 hours of on-orbit operations have been 
accumulated to September 197G. No degradation in per- 
formance has occurred sinchUiuneh. 


Soaceeraft Charging 

As a result of periodic anomalous beliavlor of mnny 
military and oommorcial eommunloatlons spaceoraft, 
attributed to oloctTomagnotlc plicnomena in geostationary 
orbit, NASA provided Instrumentation on-beard Ihe CTS 
spacecraft capable of counting any strong static eloctii- 
cal discharges on or in ihe vicinity of the et isllltc. 

This Instrument, the first satellite olcctrienl Iiarncss 
transient deleclor, is called a Transient Event Coimtcr 
(TEC), The TEC senses mid counts olectricnl transients 
having a voltage rise of greater tJian 5 volts in tliroo 
separate wire harnessosi llio attitude control liurncss, 
tlie solar array instrumentation iiameas, and the solar 
array power Iiarncss, 

Tlie data from the TEC has sliown that the salollito 
is being charged lo the point Uiat discharges oceur in- 
ducing transients in tlie satolllto electrical system. 
Hundreds of discharges have been recorded to September 
1970, however, those li'ansients have not caused any 
anomalous events In the satellite operation. The data 
indlealo Uiat disciiarges can occur at luiy time during the 
day without preferonoe to any looal time quadrant, Tills 
iiiformnllon will be ooUcctod throughout tile spacecraft 
lifetime and an attempt wiU bo made to correlate It \vitli 
oleOtromngnotlc phenomena tiint occurs in tlie vicinity Of 
the spaceoratl. 

Spacecraft Dynamics 

The CTS spacecraft is shown In figure <1, The pre- 
dominant feature of the spacecraft is the largo flexible 
solar arrays, iitiieh extend npproidmatoly IG meters 
from tip to Up, On-orblt, the a.rrays are In motion be- 
cause they track iJie sun. Tboy also move as a result of 
altitude diaiiges in Uio spaoeoraft. Tliere, of course, 
was cohstdorable interest in the array dynamics and, in 
particular, in tiie Interaction between tlie array motion 
and the spaoeoraft movoments. The e^^erienco lo date 
Indicates tliat Uie array, tor nil prueUcal purposes, acts 
like a rigid body. No array motion can be detected 
during altitude, momentum dumping or stationkeqping 
maneilvi.'rs. Sun tracking which normally occurs in a 
step track mode results in twist deformations of leas 
tliai! and well within the design criteria. 

HI. Applications ExperimentB \V,,: 

Experiments using CTS axe also associated witli 
both public servioo tunbtiqris (education, liealtli care, 
eto.) mid industrial/commerelal demonstrations. 

The locations of CTS experiments sire shown In figure 6; 
United States experiments are listed in table n. Ground 
station locations in Canada are associated wltli Canadian 
experiments. Several experimenters are currently in 
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tho procusB of prcoputtitionnl checkouts ThcBC e.xporl- 
niciits will bccoiiu! opovalionul luior this yoai- or !u 1D77. 

‘IIjq diacueslou hcr’cln is limited to llioso oxiicrt- 
nicnts iff <tt have been aottvo with the satoUllo. The rts- 
suUs to [late arc summarised. 

Public Service Kapcrliiionts 

A (niblio servlDc funotlon In which satellitos could 
play a sigidficant role In tl )0 future Is In tho area of 
emorgeney comnumications. For this application, 
COMFA'f Labqratoi-ies lias developed a snmll Hgjitweight 
transportable earth Idinnlnal W’hioli ca.’) be moved to a 
disnstev area by an automobile, sn;all airplane or boat. 
On arrival, the terminal can be set up mid operational in 
less than 1 hour. 

On July 29, 1970 COMSAT Luborntories in conjunc- 
tion with tlic American lied Cross transported Hie termi- 
nal by means of a small van to a remote aron in tlie Blue 
fudge Moimtalns in Vlrglnin, bi a very sliort lime tele- 
phone communieations were oStabUshod via CTS to Uic 
COMSAT Laboi-ntories In Murylmid, Tills demonstra- 
tion proved the concept of rapidly establtslilng commu- 
nications via snlolUtc In areas of the world wliero no 
otlier comnumicntioiis exist, Throutdidut tlio life of the 
satelUte, other demonstrations iviE be performed asso- 
ciated wdth bolli simulated and real emergencies. The 
ofCoctivoness of the communioations link will bo evalu- 
ated by United States Disaster Relief agencies. 

In a real emergency situation, qffective emergency 
communications via CTS was also demonstrated by Hie 
Canadians In a remote are.a of Northern Quebec. CTS 
cpcriinonters made use of a CTS ierniinal to assist in 
planning for Hie evacuation of a survey camp threatened 
by a forest fire. The satellite link was very offcotlvo In 
tills situation. 

Tsvo oilier Public Service experiments are selicd- 
ulcd to commence following tile eclipse season which . 
ends in mid-October. The SoutliciTi EducatiDnal Com- 
munications Association (SEGA) intends to evaluate Hie 
reaslbillty of Bntelllto nelworlclng for education mid pub- 
lic broadcast applications. Television programirdng to 
member stations In tlie souUieastem United States lias 
already been successfully distributed in the preopera- 
tional phase. 

hi addition, the prebperatibnal clieolrouts liave been 
oomplcled on the Digital College Cmnaculum Sharing 
Experiment via satellite in rvliich students in one univer- 
sity ivill tolte courses in anotlior, approximately 2500 
miles away. Stanford University fn California nnd 
Carloton University In Ottawa, Canada are the univer- 
sities involved. NASA Ames Research Center is 
utilized as Hie west coast earHi station. NASA Ames is 


also providing digital biindwidUi comprosslon oquipmcnt 
for tiio e.xporlment. 

Induatrlal/Commorclal Annllcntlons 

One of tlie primary objectives of the United Slates 
osiioriments progmm ts to develop now commcrolal 
satclltle uppltcatlons. Over the past several years, tiio 
market for voice and data communications lias greatly 
o.spandod. The muricot for television services via satol- 
Itto has lagged tlie voice and data markets primnrliy be- 
cause of the lilgji cost of television dlstrlbuUon. At tiio 
same Umo Hiero has been a roeognltlon of the great 
value that interactive lolo vision can provide, particular- 
ly for industrial appLIoations, As our society becomes 
more global in nature. Hie need for real time informa- 
tion transfer Inorcases and Uiosc companies whose busi- 
ness is multinational in nature must spend an tnerensing 
amount of their %'OBources for rapid information transfer. 
It is felt that video loloconforenclng is one technique for 
fulfilling those needs. 

Video Teloconfctcnctng 

CTS is particularly wall suited for Intornctlve video 
applications and as a result, two tcleconferencbig expor- 
imeiits are in progress. 'Nio Westingiiouse Electric 
Gorporatlon^^^^ is conducting one of tlje experiments and 
NASA is oonducthig Hie other. 

Tliore are throe facets of video talaconferenoing 
which are being addressed, Tho Initial evaluations liave 
been of a teclmioal nature associated with Hie establish- 
ment of tlie satellite link. Tills ev.aluation is essentially 
oomploto. Results iiave indicated that a satellite (CTS) 
is a very crfectlvo vehicle for interactive video tclecon- 
lerenoing. No major problems have been encountered 
witli either Uie siitellito or ground stations. 

The second pliasc of teleoonferenoing activities Is * 
currently undonvay. Tills phase is directed toward tlie 
behavioral aspects of teleconferencing. Initial evalua- 
tions Imyc addressed effeotlvoness issues such as; 

(1) is television teleconferencing an effective sub- 
stitute for faee-to^f ace mootings? 

(2) Wiat is tlie best configuration for a video tele- 
conferencing facility? 

(3) Can teleconferencing be used as an effective sub- 
stiluto for travel? 

The results to date from a sample of 100 to 200 people 
Indleate Uiat teleconferencing capability is useful, effec- 
tive, and convenient. One of the facilities utilized in the 
experiment (Westingiiouse- Lima, Oliio) is sliown in Dg- 
ure 7. 
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Tho iiiBt (iiiid inoBl Imponmit} Jssuo of video lulo- 
coiifcronolni; Itmt is being nddi'csscd 1 e tliu cconoinlo 
Vitibllity of Eucli a systom. Currently televlBlon lelo- 
confuroncing from Now York to Los Angolos costs 
sovoriil Uiousiuid dollnrs por iioui*. It Is boUovcd, hovv~ 
ever, Uint now loolmology undor dovolopmcnl by NASA 
and others will permit tolovlsion distribution via snlol- 
Itto for tcloconfcrcnclng with greatly reduced bnndwldtlis 
and tliercfore substantial cost savings. Plans for 11177 
Includo tlie demonstration and evaluation of this new 
technology, 

Alnaka Nortli Shore Ice Information (ANSll) 

Another UNporlincnt with CTS is the dissemination 
of lee Information along the Alaskan North Shore, This 
ONporlmcnt, being conduolcd in conjunction with Uic 
United States Const Guard and tlie United States National 
Weallior Sorvlco should demonstrate tho capability and 
uscfubicss of pi ovidbig heal' real time radar lee Image 
information to ships operating along the Alnsluui Noi’th 
Shore, Thle experiment is nn (Wtonsion of Uio activity 
tliat was conducted on ilio Great Lalses, Tho cxporl- 
ment oonoept is shown on figure 8, The Ice Informatldii 
along tho Alaskan North Shore (Chukchi and Beaufort 
Seas) Is gathered by a Coast Guard aircraft equipped 
with side-looking radar (SLAR), The raw data is then 
relayed from the aircraft via GOES (Geostationary Oper- 
ational Environmental Salolllto), Tho data is then sent 
by landlino to Clevelund, Ohio whore it is annotated in a 
formThat Illustrates the loo coverage and tliiclmcss. 

H>e niuiotatcd information Is then transmitted from 
Cleveland, Ohio to Barrow, Alaska via C TS. The Coast 
Guard disseminates the Information to the stilps along 
tho Alaskan Norlli Shore, The ice information, not pre- 
vioiigly available lo Iho ships In the urea, should prove 
to be a valuable navigation aid in the Noriliom Abiskan 
waters whore ice flows are always present. 

The equipment at Barrow, Alaska for the ANSir 
experiment and tlie equipment at NASA Lewis for tlie 
teloconforcncing ojqjoriment were combined on August 
25, 1976. The combinatipn resulted in tlio first live 
color TV toloconforeneo to an audience at Barrow 
(71. 2° N, 156. 5 ° \V) from the lower 48 states (NASA in 
Cleveland - 41. 5° N, 81.7° VV). Barrow is tlie north- 
ernmost city on tlie North Amerioan conilnont. A key 
element is that the reception at Barrow was achieved 
with a small, low-cost terminal Wltlj a l. 2-metor (4-ft) 
antenna, 

IV. Short Term Applications Pemenstrations 

In addition to tlie approved experiments, a series 
of satellite demonstrations has been suecessfully con- 
ducted. The demonstrations that have been completed 
are summarized iii table in. Included are conduct of 


lechnioal society meetings, support for tlie United States 
Bicentennial, Public Uroiidoast Notworklng, Tolcoonfor- 
eiictng DomonstrntioiiB, and damoiistmtions for other 
speolal events. Per those special domonstrations NASA 
provides llio entire satolllle Ibik laoludlng tho ground 
rucolver/lrnnsmittci’. Tho fuollltlos uvallablo for spe- 
oial demonstrations are shown in figure 9. 

V, Concluding Itcm.grkB 

Tho CIS Snlelllto, whoso utilization is just begin- 
ning, has already donionslratcd Uie pracUcnIlty of an 
advimoed higli-power communications satollito syslom 
which operates in a new frequency hand (14/12 GHz) and 
Is effeotlvoly able lo utilize sjiniU low-cost eartli Lormi- 
mils wUl) antennas of 3 meters or less, Early experi- 
ment results have Indlctitcd that tho scries of applica- 
tions experiments in progress will lead to new markets 
for eommorcial services In tho future. 
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TABLE Cl'S COMMUNICATIONS OPBRATINGSFJMMAHY 

Roquironient OpomtluB Summary 

' 200 watt channel 

Transponder gain, 122 dB JL2B dn 

Transponder ElRP, S!) dBW SO dDW 

1 20 watt channel 

Transponder gain, 107 dB 110 dD 

Transponder EHIP, -19.6 dBW <18,7 dBW 

Single channel video 

200 watt per ohitnnel S/N 40 dB (unwolglited) 

20 watt per channel S/N 43 dB 

Dual chnimol video (two TV channels In one band) 

70 watt per channel No IntorTeronco 

Three channel video 

(Two TV channels In 200 W band) 

(One TV channel in 20 \V band) No Interaction hohvoon bands 

Dual band video (one TV channel in each band) Video Intorforoncc barely perceptiblq 



TABLE II. - UNITED STATES E.XPERIMEN'rS 
Category Title Organization 

IlealUi Care Blomedic.al Communications U.S, Dept of Healtii, 

Education & Welfare 

Health Communications Veterans Administration 

Communications Support for WAMl 

Docontriillzcd Education 

Education College CurrieUlum Sharing NASA-Amosi Stanford Unlv. - 

Carleton Univ. 

Project Interchange Arehdiooese San Francisco 

Community: Services Transportable Earth Terminal GOhlSAT 

Sutcllilo Library hiforma- SALINET 

tion Network 

Satellite Distribution SEGA 

Industrial/Commqrelal Communioations in Lieu of 

Applications Transportation 

Alaska North Shore loo 
Information 
Digitally Implemented 
Communications Experiment 

Technology UnkChariiolorizatidn 

Advanced Ground Uccolvlng 
Equipment 
200 Walt Tube 
Transient Event Counter 
Solar Array Experiment 


WcstlngiiQUBB 
N<tSA/Coast Guard/KWS 


NASA/COMSAT 

NASA 

NASA/NIIK 

NASA 

NASA 

CHC/NASA 
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TABLE m. - GTS DEMONSTRATIONS 
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Figure 2. - NASA LeRC small earth terminal station. 
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Figurs 3. * Comniunicstions technology setelhte digitslly imp lenient ed communications experiment. 
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Figure 5. - Three-decibel contours for U. S, from CTS SHF antenna 
(ref. 11). 
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